The toxigenicity of Clostridium botulinum type C1 is mediated by specific bacteriophages. DNA was extracted from one of these phages. Two DNA fragments, 3 and 7.8 kb, which produced the protein reacting with antitoxin serum were cloned by using bacteriophage Agtll and Escherichia coli. Both DNA fragments were then subcloned into pUC118 plasmids and transferred into E. coli cells. The nucleotide sequences of the cloned DNA fragments were analyzed by the dideoxy chain termination method, and their gene products were analyzed by Western immunoblot. The 7.8-kb fragment coded for the entire light chain component and the N terminus of the heavy chain component of the toxin, whereas the 3-kb fragment coded for the remaining heavy chain component. The entire nucleotide sequence for the light chain component was determined, and the derived amino acid sequence was compared with that of tetanus toxin. It was found that the light chain component of Cl toxin possessed several amino acid regions, in addition to the N terminus, that were homologous to tetanus toxin.
The neurotoxins produced by Clostridium botulinum are, like tetanus toxin, among the most potent toxins in the natural world. The botulinum neurotoxins cause fatal intoxication in both animals and humans. They act at the tips of the motor nerve endings at the neuromuscular junction and inhibit the release of acetylcholine, leading to paralysis of the muscles. However, the detailed mode of action is still unknown. The botulinum toxins are classified into seven groups (A to G) on the basis of their antigenicity. They are produced as single polypeptide chains and are cleaved by endogenous proteases or trypsin to yield two subunits: a heavy chain (Hc; molecular weight 100,000) and a light chain (Lc; molecular weight = 50,000) (1) . Individually, they are nontoxic, and little information is available about the function of each.
We have confirmed that the production of C1 and D toxins is governed by temperate bacteriophages (9) . By using synthetic oligonucleotide probes constructed from knowledge of the N-terminal amino acid sequence of the Lc component, we also showed that these temperate bacteriophages carry the structural genes for botulinum toxins (3) . In this paper, the cloning of the structural gene for the toxin from one type C temperate phage, c-st, and the nucleotide sequence of the whole Lc component of the toxin are described.
MATERIALS AND METHODS
Preparation of phage DNA. Phage c-st was induced from a toxigenic C. botulinum type C strain, C-Stockholm, by mitomycin C treatment. The nontoxigenic variant (C)-A02, obtained from C-Stockholm by treatment with acridine orange, was used as an indicator strain. Acquired c-st phage was increased in titer by being passaged through an indicator strain, (C)-A02, in T4 DNA polymerase by using a DNA blunting kit (Takara Shuzo Co.). The repaired fragments were cloned into the SmaI site of the pUC118 plasmid polylinker. The recombinant plasmids were sequenced as described above.
Western immunoblot analysis. E. coli MV1184 cells (Takara Shuzo Co.) were transformed by the recombinant plasmids. The transformed cells were incubated in 50 ml of 2x TY medium at 37°C for 12 h. After centrifugation, the cells were resuspended in 5 of the resultant supernatants were electrophoresed on SDS-12% polyacrylamide gels according to Laemmli's method (5) , and the protein bands were electrotransferred onto nitrocellulose membranes (Bio-Rad Laboratories, Richmond, Calif.). The membranes were incubated with 10% skim milk in phosphate-buffered saline, pH 7.2, for 1 h at room temperature with gentle stirring. After the membranes were rinsed with T-TBS buffer (20 mM Tris-HCl [pH 7.5], 0.05% Tween 20, 0.5 M NaCl), they were incubated with diluted antitoxin IgGs for 1 h at room temperature. Thereafter, alkaline phosphatase anti-rabbit or anti-mouse IgG conjugates (Promega Corp.), diluted 1:7,500 with T-TBS, were reacted with the membranes for 30 min at room temperature. The membranes were washed, and then alkaline phosphatase activity was detected with nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate for 2 to GGT AGA TCA TTA TAT AAT AAA ACA TTA GAT TGT AGA GAG CTT TTA GTT AAA AAT ACT GAC TTA CCC TTT ATA GGT Fig. 3 . The molecular weight of the putative Lc component of the toxin was calculated to be 51,600 or 51,100, which is close to the value determined for the Lc component by SDS-polyacrylamide gel electrophoresis (17) . Therefore, it was concluded that the insertion fragment of the recombinant plasmid pCL8 coded for the whole Lc component and the N terminus of the Hc component of C1 toxin. On the basis of the Western blot analysis, pCH3 contained the gene for the Hc component. In an attempt to determine the nucleotide sequence between the DNA fragments cloned in pCL8 and pCH3, the base sequence of the 5' terminus of the insertion fragment of pCH3 was first determined. The 20-mer oligonucleotide primers which were complementary to parts of the 3' and 5' termini of pCL8 and pCH3 insertion fragments were then prepared (Fig. 2) , and the sequences were amplified by the polymerase chain reaction. The nucleotide sequence obtained was identical to those of the 3' and 5' termini of the insertion fragments of pCL8 and pCH3, 4% r -9 CL8 7.8kb .858b. 4.3kb indicating that these two cloned fragments were directly juxtaposed (Fig. 4) . The molecular weight of C1 toxin is reported to be 141,000 (17) . The gene products from pCL8 and pCH3 were about 65,000 and 74,000, respectively. Therefore, it was speculated that the structural gene for whole C1 toxin might lie in these two cloned fragments. The entire nucleotide sequence of pCH3 is now being determined.
Furthermore, it was found that pCL8 produced a protein reacting with antibody against a hemagglutinin associated with C1 toxin in culture fluid or under acid conditions. The structural gene for the hemagglutinin is located approximately 4.3 kb upstream of the toxin gene, and the hemagglutinin and toxin genes were transcribed in opposite directions (Fig. 4) . Detailed data concerning the hemagglutinin gene and its product have already been published (18a). effective in transcription. This agreed with the data for other Clostridium strains reported previously (7, 18) .
Amino acid residue homology between botulinum C1 toxin and tetanus toxin. Homnology exists in the N-terminal amino acid sequences of botulinum and tetanus toxins (2, 19) . The entire DNA sequence of tetanus toxin has already been reported (2) . Homology of the derived amino acid sequence of L protein to the sequence of tetanus toxin was analyzed by the dot matrix method (11) . There existed several regions of homologous amino acid sequences in addition to the N termini of the toxins (Fig. 5) . One of the homologous regions, Asp-222 to Gly-240 of botulinum toxin, was composed mainly of uncharged amino acid residues. Therefore, it was speculated that this region might play a role in spanning the mammalian cell membrane, as reported by Eisel et al. for tetanus toxin (2) .
